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ABSTRACT

In this study, we investigated whether increases in hippocampal blood flow (HBF) by tooth pulp stimulation (TPS) are
mediated via the activation of cyclooxygenase-2 (COX-2). We measured mean arterial blood pressure (MABP) and
HBF in urethane-anesthetized rats using laser Doppler flowmetry and examined the effects of etodolac, a specific COX-
2 inhibitor, on TPS-induced MABP and HBF responses. The MABP response was not attenuated by the intraperitoneal
(i.p.) administration of etodolac (10 mg/kg); however, the HBF response was significantly attenuated by etodolac ad-
ministration. These results suggest that COX-2 may be involved in the mechanisms regulating TPS-induced HBF re-

Sponses.
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1. Introduction

A positive relationship between anxiety and pain is a
common experience in the dental clinic [1,2]. Okawa et
al. [2] discussed the effects of level of anxiety about
dental treatment on pain during treatment. Regarding
their discussion, Ploghous et al. [1] showed that anxiety-
induced hyperalgesia is associated with activation of en-
torhinal cortex of the hippocampal formation and sug-
gested that accurate dental preparation alleviated pain by
disenganging the hippocampal formation. The hippo-
campal formation responded differentially to noxious
stimuli, dependent on whether the received pain intensity
was enhanced by pain-relevant anxiety; however, there
are few reports regarding the relationship between tooth
pulp stimulation (TPS) and hippocampal activity [3]. We
previously showed that TPS increases hippocampal blood
flow (HBF) in rats, and that the nonselective adenosine
receptor antagonist, theophylline, attenuates TPS-induced
HBF responses [4]. We suggested that TPS-induced HBF
responses may be, at least in part, mediated through
adenosine receptors. In that study, because the increases in
TPS-induced HBF responses were not completely abol-
ished by theophylline, other factors including extracellular
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potassium ions [5], nitric oxide [6], and cyclooxygenase
(COX) reaction products [7] might have contributed.
Therefore, in the present study, we hypothesized that
some TPS-induced HBF responses may be mediated via
the activation of COX-2. We measured HBF and mean
arterial blood pressure (MABP) in rats and examined the
effects of a selective COX-2 inhibitor, etodolac, on TPS-
induced HBF responses.

2. Materials and Methods
2.1. Animal Preparation

All procedures were conducted with the approval of “The
Animal Care and Use Committee of Hyogo College of
Medicine” and according to “The Guiding Principles for
Care and Use of Animals Approved by The Council of
The Physiological Society of Japan”. The experimental
procedures were essentially the same as described previ-
ously [4].

Male Wistar rats weighing between 320 - 380 g were
used. The rats were anesthetized with urethane (1.2 g/kg)
and their rectal temperature was maintained at 37°C -
38°C with a heating pad. The tips of both lower incisors
were cut off with a dental bar and stainless steel wire
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electrodes were inserted into the pulp and fixed with
acrylic resin. The rats were then placed into stereotaxic
frames. MABP was measured by means of a pressure
transducer through a canula inserted into the right com-
mon carotid artery. To measure HBF, a laser Doppler
flowmetry probe (Needle Type ON97-066, tip diameter:
0.5 mm; Unique Medical, Tokyo, Japan) was stereotaxi-
cally inserted into the left dorsal hippocampus (5.5 mm
caudal to the bregma, 4.0 mm lateral to the midline, and
3.0 mm below the cortical surface).

2.2. Stimulation of the Pulp

As TPS, the pulp of both lower incisors was stimulated
electrically with a negative square wave using a constant
isolated current source (isolator: SS-202J with an elec-
tronic stimulator: SEN-3301; Nihon Kohden, Tokyo,
Japan). The threshold stimulus intensity was determined
in each rat with a 0.5-ms duration, at 100 Hz, for 10 s by
slowly increasing the current from zero until a clear HBF
increase was observed. The mean threshold was 0.6 mA.
We used 5 times the threshold (5T) as the stimulus inten-
sity and compared the TPS-induced maximum MABP
and HBF response values before and at 30 and 60 min
after methylcellulose or etodolac administration.

2.3. Experimental Groups

Six rats received methylcellulose solution as a control.
To examine the involvement of COX-2 in TPS-induced
HBF and MABP responses, another 12 rats received
etodolac, a specific COX-2 inhibitor. These agents ware
administrated intraperitoneally. The dose (10 mg/kg) of
etodolac was based on a previous study [8]. The volume
(5 ml/kg) of administrated methylcellulose was the same
as etodolac.

2.4. Drugs

Etodolac was provided by Nippon Shinyaku Corporation
(Kyoto, Japan) and suspended in a 0.5% methylcellulose
solution.

2.5. Data Analysis

All data are expressed as the means + standard error of
the means (S.E.M.). To determine the differences between
experimental groups regarding time courses of changes in
MABP and HBF responses induced by TPS, statistical
analysis was performed by mixed-type analysis of vari-
ance (ANOVA) with repeated measures. Differences
were considered significant at p < 0.05.

3. Results

Figure 1 shows the typical temporal patterns of TPS-
induced HBF and MABP responses. The peak latency of
maximum amplitude in TPS-induced HBF responses
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always was shorter than that in TPS-induced MABP re-
sponses in each experiment. TPS at 5T increased both
MABP and HBF before 0.5% methylcellulose (5 ml/kg,
i.p.) or etodolac (10 mg/kg, i.p.). ANOVA computed ac-
cording to changes in MABP responses induced by TPS
revealed that the main effects of group and time and the
interaction between group and time were not significant
(F(2/17) = 1.314, p = 0.268; F(1/17) = 0.053, p = 0.949;
F(1/17) = 1.287, p = 0.290, respectively) (Figure 2). The
mean value of TPS-induced HBF responses measured
before methylcellulose or etodolac administration was
7.9 + 0.9 laser Doppler unit (n = 18). Because the meas-
ured HBF values were relative ones, HBF data shown in
Figure 3 are expressed as a percentage of the value of
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Figure 1. Representative records of TPS-induced HBF (up-
per trace) and MABP (lower trace) responses. The horizon-
tal bar and downward arrows indicate the stimulation pe-
riod (10 s) and the peak values of TPS-induced HBF and
MABP responses, respectively. LDU, laser Doppler unit.
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Figure 2. Effect of etodolac on TPS-induced MABP re-
sponses at 5 times the threshold (5T) before and at 30 and
60 min after methylcellulose (MC, 5 ml/kg, i.p., open col-
umn) or etodolac (10 mg/kg, i.p., hatched column) admini-
stration. Values are the mean + S.E.M. (methylcellulose, n =
6; etodolac, n = 12). These responses were not affected by
etodolac.
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Figure 3. Effect of etodolac on TPS-induced HBF responses
at 5 times the threshold (5T) before and at 30 and 60 min
after methylcellulose (MC, 5 ml/kg, i.p., open column) or
etodolac (10 mg/kg, i.p., hatched column) administration.
Values are the mean = S.E.M. (methylcellulose, n = 6; eto-
dolac, n = 12). The increases in HBF produced by TPS were

significantly attenuated by etodolac administration (p <
0.0001 vs MC).

each TPS-induced HBF response before methylcellulose
or etodolac administration. Methylcellulose did not affect
TPS-induced HBF responses at 30 and 60 min after ad-
ministration. ANOVA computed according to changes in
HBF responses induced by TPS revealed that the main
effect of group was significant (F(1/17) = 34.918, p <
0.0001), although the main effect of time and the interac-
tion between group and time were not significant (F(1/17)
= 2.529, p = 0.131; F(1/17) = 0.002, p = 0.962, respec-
tively) (Figure 3). Thus, etodolac significantly attenu-
ated TPS-induced HBF responses at 30 and 60 min after
administration.

4. Discussion

In the present study, we examined whether the inhibition
of COX-2 modifies TPS-induced MABP and HBF re-
sponses. A specific COX-2 inhibitor, etodolac, attenuated
TPS-induced HBF responses, but not MABP responses.
To our knowledge, this is the first study in which eto-
dolac attenuated TPS-induced HBF responses in rats.

The present data show that inhibition of COX-2 by
etodolac may be one of the causal factors involved in the
reduction of TPS-induced HBF responses. With regard to
cerebral blood flow, similar data were previously ob-
tained by Niwa et al. [9], who reported that a COX-2
inhibitor, NS-398, attenuates increases in somatosensory
cortex flow produced by vibrissal stimulation. Thus, our
data provide evidence that COX-2 is involved in the
mechanisms regulating cerebral blood flow during syn-
aptic activity.

In some organs, COX-2 is not present in a normal state,
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but its expression is induced by inflammatory stimulation
[10]; however, COX-2 immunoreactivity is expressed
and localized in a subpopulation of excitatory neurons in
the neo- and allocortices, the hippocampus, and the
amygdala [11]. Moreover, COX-2 immunoreactivity is
present in dendritic spines.

Stimulation of the central nucleus of the amygdala, a
limbic forebrain structure, produces changes in blood
pressure and heart rate similar to those produced by
stressful events [12]. Seidenbecher et al. [13] observed
that Pavlovian fear conditioning induces an increase in
the synchronization of theta-frequency activity in the
lateral amygdala and CA1 region of the hippocampus.
These findings suggest that activation of an amygdala-
hippocampus circuit is involved in fear-based learning.
Thus, TPS-induced HBF responses may be involved in
fear memory and anxiety related to tooth pain.

5. Conclusions

The findings of present study showed that pharmacol-
ogical inhibition of COX-2 with etodolac attenuates TPS-
induced HBF responses; however, TPS-induced MABP
responses are not attenuated by etodolac. Our findings
provide evidence of the involvement of COX-2 in TPS-
induced HBF responses.
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